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3-BENZOYLPYRIDINE DERIVATIVES, THEIR PREPARATION AND THEIR USE AS HERBICIDES 



Field of the mgfinfclfla 

This invention relates to certain substituted 
pyridyl phenyl ketones which demonstrate herbicidal activity. 



Description of tho Tn Y o nt 1r n 

According to this invention, compounds of the 
following structure have been found to exhibit herbicidal 
activity: 




in which: 

R x is hydrogen/ halogen; C x -C 4 alkyl; Cj-.C 4 halo- 
alkyl; C 1 -C 4 alkoxy; haloalkoxy; C 2 -C 8 alkoxyalkyl; 

nitro; cyano; thiocyano; or R 7 S(0) n - where m is o, l or 2 and 
R 7 is C 1 -C 4 alkyl or Cj-Cj' "haloalkyl; 

R 2 and R 3 are independently hydrogen; halogen; c -C 
alkyl; Cl -C 4 alkoxy; C^-C^ haloalkyl; haloalkoxy; c -C fi 

alkoxyalkyl; nitro; R^O^o- or R 8 S(0) n - where n is 0, 1 or ; 
and R 8 is C 1 -C 4 alkyl, C^-C, haloalkyl, C^^ cyanoalkyl, 
phenyl or benzyl; NR 9 R 10 where R 9 and R 1Q are independently 
hydrogen or C^-Cj alkyl; R^CO- where R^ is c^c^ alkyl or 
C l" C 4 al ^oxy, S0 2 NR 12 R 13 where R 12 and R 13 are independently 
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hydrogen, alkyl or haloalkyl, or N(R 14 >C0R where 

R 14 and R lg are independently hydrogen or C^-C^ alkyl; 

R 4 is hydrogen, halogen or hydroxy; 

R 5 is hydrogen, methyl or trif luoromethyl; and 

R g is hydrogen, halogen or hydroxy; 

where R 4 and R g nay be. the sane or different 

provided that R 4 and R fi are not both hydrogen and 

when R 4 and R g are both halogen, the halogens may be 

identical or different; 
and agriculturally acceptable salts thereof. 

Preferably: 

Rj is other than hydrogen, most preferably halo- 
gen, methyl, trif luoromethyl , nethoxy, trif luoromethoxy, or 
nitro; 

R 2 and are independently hydrogen, halogen, 
C l" C 4 • 1 *yl» V C 4 alkoxy, trif luoromethyl, trif luoromethoxy 
nitro, R 8 S(0) 2 o- or R 8 S(0) n where n is o, 1 or 2 and R fl is 
methyl, ethyl or chloromethyl ; c 2 -c 6 alkoxyalkyl, or 
S °2 NR 12 R 13' Prided that R 2 and R 3 are not both hydrogen; and 

R 4 is hydroxy. 

In one preferred embodiment, R 4 and R are both 
hydroxy. i„ another preferred embodiment, R is hydroxy and 
R fi is halogen. 

Because of tautomerism, either or both of the 
hydroxy groups represented by R 4 or R fi may exist in the keto 
form, i.e.: "IT!." 

OH 



rS ^ 



and similarly the bridging carbonyl group may take either 
form: 
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so that it would be apparent to those skilled in the art that 
the compounds of this invention may have a number of different 
structural formulae. 

As used herein, the term "herbicide" means a com- 
pound or composition which adversely controls or modifies the 
growth of plants. By the term "herbicidally effective amount" 
is meant any amount of such compound or composition which 
causes an adverse modifying effect upon the growth of plants. 
By "plants", is meant germinant seeds, emerging seedlings and 
established vegetation, including roots and above-ground por- 
tions, such controlling or modifying effects include all 
deviations from natural development, such as killing, retarda- 
tion, defoliation, desiccation, regulation, stunting, tiller- 
ing, leaf burn, dwarfing, and the like. 

The compounds of this invention have been found to 
be active herbicides, as pre- and/or post-emergent herbicides. 
Pre-emergence herbicides are applied prior to emergence of 
vegetation from the soil; post-emergence herbicides are 
applied to control or kill existing vegetation. 

Compounds of this invention in which R 4 and R g are 
both halogen may be produced from the corresponding dihalo- 
pyridines by metallation with lithium diisopropyl amide, 
lithium tetramethylpiperidide or other strong base, quenching 
with the appropriate benzaldehyde to form a carblnol, then 
oxidizing this carbinol~to the ketone, for instance with man- 
ganese dioxide or chromium trioxide or via the Swern oxidation 
with oxalyl chloride. 
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Compounds in which R 4 is hydroxy nay be produced 
from the dihalo compounds by treatment with one equivalent of 
benzyl oxide to produce the benzyl ether, which may then be 
removed hydrogenolytically with palladium or with saturated 
HBr : 
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Compounds in which both R 4 and R 6 are hydroxy are 
similarly produced using two equivalents of benzyl oxide, or 
in some cases nay be made by reaction of 2,4-dihydroxypyridine 
and the appropriate benzoic acid in polyphosphoric acid and at 
elevated temperatures. 

The following are representative examples of prepa- 
ration of compounds of this invention. 



EXAMPLE 1 

P»^hY A gy JT o nY j,ben7.nv1 WovrldiAp 7r ^„nri m™ 

(a) To a solution of 0.97 g (9.6 mmol) diiso- 
propylamine in 9 ml tetrahydrof uran (THF) was added 3.7 ml 
(9.1 mmol) n-butyllithium in hexane dropwise. The solution 
was stirred at -70«C for 20 minutes, warmed briefly to -40-C 
then again chilled to -7 0 o C . A solution of 1.00 g ( 8 .70 mmoi) 
2,4-difluoropyridine in 5 ml THF was added dropwise. The 
resulting light brown mixture was stirred for 50 minutes at 
-70«C, then a solution of 2-methyl-3-ethoxy-4-(methylsulfonyl). 
benzaldehyde in 9 ml THF was added dropwise. The benzaldehyde 
may be prepared by reduction of the corresponding benzoic aid, 
which may be prepared by the process described in U.S. Patent' 
5,110,979. The resulting brown mixture was stirred at -70»C 
under nitrogen for 1-3/4 hours, then guenched with 10 ml 
saturated ammonium chloride solution, followed by 50 ml ether. 
The organic phase was washed, filtered and evaporated, yield- 
ing 2.65 g of a viscous orange oil, identified spectroscopi- 
cally as the carbinol corresponding to the desired product. 

(b) To a solution of the product of step (a) (2.6 
g, 7.3 mmol) in toluene (30 ml) was added manganese dioxide 
(3.17 g, 36 mmol). The mixture was stirred with vigorous 
refluxing for 5 hours, then filtered. The filter cake was 
washed with toluene, and the toluene stripped to produce an 
orange oil. 
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The crude product was purified chromatographically, producing 
an orange semi-solid material, identified spectroscopically as 
the desired product. 



EXAMPLE •> 

Preparation of 3-/3-«*»hr > yv-2^^ h vl _ 4 _ met . hvlstnfftTtv1 _ 

(a) To a solution containing 245 mg (0.758 mmol) of 
the product of Example 1 in 3 ml THP maintained at -20-C under 
nitrogen was added dropwise a solution of benzyloxide 
generated in 0.5 ml THF from 61.4 mg (0.564 mmol) benzyl 
alcohol and 24 mg (0.597 mmol) sodium hydride (oil-free). The 
mixture was allowed to warm slowly to room temperature, with 
stirring, it was then combined with 20 ml ether, washed, 
dried and filtered, stripping of solvent produced 255 mg of 
an orange oil, which was then purified chromatographically, 
yielding 102 mg of a yellow oil which soon solidified. Spec- 
troscopic analysis showed the desired benzylated material. 

(b) Product of step (a) (71 mg, 0.16 mmol) was 
mixed with 14 mg of 10% palladium/carbon catalyst and 1 g 
dioxane. The mixture was shaken for 9-1/2 hours; additional 7 
mg of catalyst was added and this mixture shaken for 2 more 
hours, when the reaction was complete. The mixture was fil- 
tered and solvent stripped off, yielding 53.7 mg of a light 
brown solid, identified spectroscopically as the desired 
product . 
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EXAMPLE 3 

(a) to a solution of 2.21 g diisopropylamine in 20 
ml tetrahydrofuran THF at -65-C. under nitrogen was added 8 3 
ml of 2.5 M n-butyl lithium in bexane dropwise. The solution 
was stirred at -6 5 o C . for 30 minutes, then a solution of 3.13 
g (19.8 mmol) dichloropyridine in 5 ml of THF was added. The 
resulting brown solution was stirred at -70»C. for 45 minutes 
then a solution of 2.4 g (9.92 mmol) 3-ethoxy-2-methyl-4- 
methylsulfonylbenzaldehyde in 10 ml of THF was added The 
mixture was stirred vigorously at -70-c. under nitrogen for 1 
hour, then quenched with 20 ml water saturated with ammonium 
chloride. This solution was partitioned with 50 ml of ether 
The ether layer was washed, dried and evaporated in vacuo to 
yield 5.4 g of a brown oil. This material was heated to 70»C 
(0.01 mm Hg) to remove residual dichloropyridine, leaving 3.57 

9 of 2,4-dichloro-3-(i-hydroxy-3'-ethoxy-2'-methyl-4'-methvl- 
sulfonylbenzyl) pyridine. 

(b) to the product of step (a) in 30 ml of toluene 
was added 4 g manganese dioxide. The suspension was refluxed 
for 7 hours with mechanical stirring and with azeotropic 
removal of water. The mixture was filtered and the filter 
cake washed with ether. The solvent was evaporated in vacuo 
to yield 2.08 g of 2,4-dichloro-3-( 3 -ethoxy-2-met* y i-4-meth y i- 
sulfonylbenzoyl)pyridine as a brown semi-solid. 

(c) To a solution of the product of step (b) (0 49 
9, 1.26 mmol) in 5 ml THF at -20"C. under nitrogen was added a 
slurry of benzyl oxide (3.78 mmol) generated from benzyl 
alcohol and oil free sodium hydride in 2 ml THF. The reaction 
mixture was allowed to warm to room temperature and stirred 
for several hours, then partitioned between ether and water 
The organic layers were dried and evaporated to yield 0.5 g of 
a crude product. This was purified via chromatography on 
silica gel using 25% ethyl acetate in hexanes as the eluant to 
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give 0.177 g of 2 , 4-dibenzyloxy-3- (3-ethoxy-2-methyl-4-methyl- 
sulf onylbenzoyl) pyridine, a viscous yellow oil. 

(d) To a solution of the product of step (c) (0.387 
g) in 8 ml dioxane was added 110. xng of 10% palladium on carbon 
(Degussa type, water wet) . The mixture was then shaken for 5 
hours, filtered and the filter cake washed. The solvents were 
evaporated to yield 260 mg of 4 -hydroxy- 3 - ( 3 -ethoxy- 2 -me thy 1 - 
4-methylsulf onylbenzoyl) pyrid-2-one. 

EXAMPLE 4 

Preparation of 3- ( 2 t 4-dichlorobenzovl 1- 
pvridine-2 .4-dion e (Compou nd No. 11 

This example illustrates production of a compound of 
this invention by reaction of 2 , 4-dihydroxypyridine with a 
substituted benzoic acid. 

In a flask were combined 5 g (0.045 mmol) 2,4-dihy- 
droxypyridine 8,6 g (0.045 mmol) 2 , 4-dichlorobenzoic acid and 
50 g polyphosphoric acid. The mixture was heated to 180 °C for 
3 hours, while the reaction mixture was still warm it was 
poured into a beaker, then worked up with ice and methylene 
chloride, yielding 0.58 g of crude product. 

Spectroscopic analyses of the crude product showed 
the presence of the desired product in low yield, together 
with material identified as 
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or an isomer thereof. 



Table I depicts representative compounds of this 
invention, prepared by a process as described above. Most 
compounds were obtained as oils. Structures were confirmed by 
spectroscopic analyses. 
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HfigtoigidaJ Ae»<YitY Trrrt- 

Compounds of Table I were f Be f^ * 
activity as follows: f ° r her °icidal 

aiffe re „t vi:%::^ seeds - ~* 

fining only trace organiser p ' ^ " 11 C ° n ~ 

individual rows usina IT Propagules were sown in 

a flat. iJ^^pEET ^ aCr ° SS ^ Width - 

-iridis, (SETVI, wild oat ^ ^ f ° Xtail 

' wlld °at Mvena fatua) fAVEFAi w 
grass (^chinocnioa crus-galii) fECHCGi » If barnyard- 
utilized were wild mustard ,*Lf * Broadleaf weeds 
velvetleaf "* rd < s * n *P** arvensis) (SINAR) , 

glory (jpoaoea spp., (IpoL !r * ' anBttaI 

purpurea) (PHBPuf Add^ 7 »orni„ggiory (J po a0 ea 

f»«en 20- (polyoxyethvl.^ containing l* v /v 

a 14 „, flnal volune . ^ ' » 1 of <"•«»»— water to reach 
final spray volume ajTT T """ °- 5% V/V ° f the 

«« - SP »y vo^e, t ^vrr::::;/:: : xce r 9 2 ni 

compound. needed to dissolve the 

-near J?™ tZ'ZZ Z ZT t T'T T ^ 
above the soil lin* mw ' 5 cn (12 inches) 

between o s J,- application rata being 

were placed into a greenhouse and watered overhead 
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by sprinkling. The greenhouse environmental systems provided 
the plants with natural and artificial (via metal halide 
lamps) lighting to attain 14 hours of light per day. Day and 
rught temperatures were maintained at 29 and 21«C respectively. 

The degree of weed control was evaluated and 
recorded 17-21 days after treatment as a percentage of weed 
control as compared to the growth of the same species of the 
same age in an untreated control flat. Percent control is the 
total injury to the plants due to all factors including 
inhibited emergence, stunting, malformation, chlorosis and 
other types of plant injury. The control ratings range from 0 
to 100 percent, where 0% represents no effect with growth 
equal to the untreated control and where 100% represents 
complete kill. The results of such pre-emergence testing are 
summarized in Table II below, a dash indicates that no test 
was performed at that level of application. 



PPST-EMERGEPC S HEFBTCT DAi. RvaT t t ?ft T Tffr i 

The soil was prepared and seeded with the same 
species and methodology described for the pre-emergence test. 
Post-emergence flats were placed in the greenhouse under the 
same environmental conditions as described for the pre-emer- 
gence flats and watered overhead by sprinkling. Plants were 
grown for 10 to 12 days (or to the appropriate growth stage) 
prior to compound application. Grasses were sprayed at a 3 to 
4 leaf stage and broa_dleaves at a i to 2 leaf stage. Yellow 
nutsedge was 5 to 7 cm tall at application. 

Plants were sprayed 30.5 cm (12 inches) above the 
foliage with the same spray solution as prepared for the pre- 
emergence test. The application rate was between 0.5 kg/has 
and 4 kg/ha, and as indicated. Treated plants were then 
returned to a greenhouse and watered daily without wetting the 
foliage. The degree of weed control was evaluated 17 to 21 
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days after application and recorded as percentage of control 
as co-pared to the growth of the same species in an untreated 

TTcl J 1 '' °* " TC ' The P «" nt scaT 
applied t""^ ^ eValU " e ^ ""—•*■•»'- treat-ent was aiso 
a PP l!ed to the post-emergence treatment. A dash indicates 

resold T T P ' rt0r * e * '* "» of application. The 

III heLw " «• *u»mari«d in Tahle 
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The results above illustrate the pre-emergent and 
post-emergent efficacy of the present compounds against a 
variety of weed species. 

In practice, a pure compound can be used as an 
herbicide. However, in general,, the compounds are first 
formulated with one or more inert carriers or diluents suit- 
able for herbicidal use, before being applied. 

The compositions or formulations, including a com- 
pound as described herein, may exist in any one of a number of 
solid or liquid forms. Examples of liquid forms are emulsifi- 
able concentrates, flowables and pastes. Such compositions 
may contain, in addition to the active compound or compounds, 
various carriers or diluents; surface active agents (wetting 
agents, dispersing agents and/or emulsifying agents); solvents 
(water, or organic solvents such as aromatic solvents or chlo- 
rinated aliphatic solvents); adhesives; thickeners; binders; 
antifoaming agents; and other substances as mentioned herein. 
Solid carriers or diluents included in such compositions or 
formulations may include, for example, ground natural minerals 
such as kaolins, alumina, calcium carbonate, silica, kiesel- 
guhr, clay, etc.; ground synthetic minerals such as various 
silicates and aluminosilicates and ground vegetable products 
such as bark, cornmeal, sawdust, cellulose powder and the 
like. - 



To manufacture solid compositions, the active sub- 
stances are mixed with solid carriers or diluents such as 
those mentioned above and the mixture is ground to the appro- 
priate size. Granules can be manufactured by dissolving an 
active compound in an organic solvent and applying the mix- 
ture, for example, by atomization, onto an absorptive granu- 
lated inert material, such as silica. Adhesives may be 
utilized to assist in the incorporation of the compound onto 
the solid particles. Pellets or granules can be manufactured 
by extrusion with appropriate carriers and binders. 
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by mixing r'rarLr WderS ' "° Wables - and P»».s are obtained 
JiJllr^l 9rlndln 9 *" act i« compound with one or -ore 
dispersing agents and/or solid carriers or diluents Also 

ZZT M y * We " ln9 aM/ " aisp.rsin 9 . S e„ts L 

der^atlv.. 9 "^, Tt ~" ul °"' -phtnaienesulfonic acid 

-"-^^^^ 

.sso^ 

water, wetting agents are generally also added. 

-icrocapsu^s C °" P ° Sltl0nS -» - »«o in the form of 

microcapsules. Microcapsule* consist of fully enclosed or 

Po n uT U1 "r d dr ° PletS " 9ranUl " ~^i"ing L active com- 

: e ca"p n e :r d h: ithin an ine ~ — — . « 
= tic z^rzzzrjxsz £^.7^ 

-^"ir^r"' POl ^^ 1 °» i ""«. Poly.cry .te poly- 
esters, polyamides. polyurethanes and starch xanthates. 

MMOS(f . " iS posslbl « *o "se highly concentrated liquid 
compositions containing up to about 95% by weight of the 
active compound, or even th» ■ "eigne of the 

' even the active compound alone for n„. 
compounds which are liguids, when applyL, the compound in the 

Z °Ll , " dlVided li,Uid ty ° f "omitin, 

For otfc " eXMPle ^ alrplane <="P"l>rayi„, techniques 

amounts of 6=6 00 " , P ound = »i" contain varying 



.9617829A1J_> 



W096/17W9 PCT/US95/15M0 ■ 

-18- 

in general, compositions may contain from o.i to 95% 
of the active compound, more preferably from 0.5 to 90%. Some 
typical compositions will contain an active compound as 
follows: Wettable powders, flowables and pastes - 20 to 90% 
active compound; oil suspensions, emulsions, solutions and 
emulsifiable concentrates - 5 to 90% active compound; aqueous 
suspensions - io to 50% active compound; dusts and powders - l 
to 25% active compound; granules and pellets - l to 20% active 
compound . 



The rate of application of the active compound to a 
locus to be controlled will depend on the activity of the com- 
pound and/or composition and the nature of the seeds and 
plants to be controlled and will vary from about 0.05 to about 
50 pounds per acre (about 0.06 to about 56 kg/ha). 

Compositions containing one or more of the active 
compounds described, in a herbicidally effective amount, may 
be applied to the plant or locus to be controlled in any con- 
ventional manner. Thus, powders and various liquid composi- 
tions containing the active compound can be applied by the use 
of power dusters, boom and hand sprayers and spray dusters, or 
applied from airplanes as mists or sprays. When applied in 
the latter method, they may be effective in very low dosages. 
To modify or control growth of germinating seeds or emerging 
seedlings, liquid compositions may be applied to the soil with 
conventional methods, and may be distributed in the soil to a 
depth of one-half inch below the soil surface. The composi- 
tions need not be admixed with the soil particles, but can be 
applied merely by sprinkling on the surface of the soil. 

Compositions including active compounds may also be 
applied by addition to irrigation waters supplied to the field 
to be treated. This method of application permits penetration 
of the compounds into the soil as the water is absorbed there- 
in. 
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EXAMPLES OF TYPICAL COMP OSITION? 

Inqredi^nt Weight i 

Active Compound 1 
Oil solvent-heavy aromatic naphtha 99 

Total 100 

Emulsifiable Conc entrate 
Active Compound 50 
Kerosene 45 
Emulsifying agent (mixture of long 
chain ethoxylated polyethers with 
long chain sulfonate) 5 

Total 100 

S WlSifiable Concentrate 
Active Compound 90 
Kerosene 

Emulsifying agent (mixture of long 
chain ethoxylated polyethers with 

long chain sulfonate) 5 

Total 100 



5 



Dusts aryfl/ 9r Powders 

Ingredient 
Active Compound 
Attapulgite Clay Powder 
Sodium lignin sulfonate 
Sodium dioctyl sulf osuccinate 

TOTAL 



wt. % 


wt. % 


Wt, % 


0.5 


50.0 


90.0 


93.5 


44.0 


4.0 


5.0 


5.0 


5.0 


1,9 


1.0 


- ItQ 


100.0 


100.0 


100.0 



The compositions of the invention nay comprise, in 
addition to one or more compounds of the invention, one or 
more compounds not of the invention but which possess biologi- 
cal activity. Compounds not of this invention may be other 
pesticidal agents, such as herbicides, fungicides, insec- 
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ticides. acaricldes, neaatocides, bactericides, and plant 

d 9 Is°I i. r : 9U t at0rS - ^ C ^°= 1 "'- -y — =cntain son 
d a s ln f.ctants or fcigants and M y further contaln 

zers thus naKing it possible to provide sulti-purpose co P o 
sitions containing on. or sore o £ the compounds described 
herein as well as, optionally, other pesticides and also fer- 
tilisers, ell intent and formulated for us. .t the lll Z- 
cus. Accordingly, in y.t a still furth.r e.bodi.ent the ,° 
ve„ tl id a „ h . rwctdal conpoBitien the n. 

ture of at least one herblcidal co-pound of fomula (I, as 
here.nb.for. defined with at least one other herbicide 

th. , ° ther h<!rbicId ' > ~y "« any herbicide not having 

Toll [ ' ' " Wil1 9ene ""y ^ - "«Mcide —in, • 
complementary action in the particular application. 

Examples of useful complementary herbicide, include 
as bentazone; ^"-^-^"i"— -e-a., -dioxides such 

alxanoic .!«'„ "T* herblcidM ' Particularly the phenoxy 
l . Tt ! SU " MCPA ' « cp *-«i~thyl, dichlorprop 

Z,£? y ■ " d th ' lr derlv " iVM <••'• 

zcxyfen. py c res:;«\ ai :„"tr f r;.- deriv " ivK such as — 

°' Dinitr °f ,ne '' 0 ^ their derivatives (e.g. 
acetates such as DHCC, dinoterb, dinos.b and its ester 
dlnoseb acetate; ester, 

E. dinitroaniline herbicides such as dinitramine 
trxfiuralin, ethalf luralin, pendimethalin; and oryj™ 

r. arylurea herbicides such as diuron, flumeturon 
""u°ro U „ r0n Bon ne r r0n ' iS0Pr0tU " n ' chlorotoluron. chloroxuron ' 
IZZ'onT "*-*«.. and methaben,- 
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G. phenylcarbamoyloxyphenylcarbamates such as phen- 
medipham and desmedipham; 

H. 2-phenylpyrida2in-3-ones such as chloridazon, 
and norflurazon; 

I. uracil herbicides such as lenacil, bromacil and 

terbacil; 

J. triazine herbicides such as atrazine, simazine, 
aziprotryne, cyanazine, prometryn, dimethametryn . simetryne, 
and terbutryn; 

K. phosphorothioate herbicides such as piperophos, 
bensulide, and butamifos; 

L. thiolcarbamate herbicides such as cycloate, 
vernolate, molinate, thiobencarb, butylate*, EPTC*, triallate, 
diallate, ethyl esprocarb, tiocarbazil, pyridate, and 
dinepiperate; 

[*These compounds are preferably employed in 
combination with a safener such as 2 , 2-dichloro-N-di-2- 
propenylacetamide (dichloromid) . J 

M. l,2,4-triazin-5-one herbicides such as meta- 
mitron and metribuzin; 

N. benzoic acid herbicides such as 2,3,6-TBA, 
dicamba and chloramben; 

0. anilide herbicides such as pretilachlor , buta- 
chlor, the corresponding alachlor, the corresponding compound 
propachlor, propanil, metazachlor, metolachlor, acetochlor, 
and dimethachlor; 

P. dihalobenzonitrile herbicides such as dichlo- 
benil, bromoxynil and ioxynil; 

Q. haloalkanoic herbicides such as dalapon, TCA and 
salts thereof; 

R. diphenylether herbicides such as lactofen, 
fluroglycofen or salts or esters thereof, nitrofen, bifenox, 
acifluorfen and salts and esters thereof, oxyfluorfen and 
fomesafen; chlornitrof en and chlomethoxyf en; 

S. phenoxyphenoxypropionate herbicides such as 
diclofop and esters thereof such as the methyl ester, fluazi- 
fop and esters thereof, haloxyfop and esters thereof, 
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quizalofop and esters thereof and fenoxaprop and esters 

thereof such as the ethyl ester; 

T. triketone and cyclohexanedione herbicides such 

as alloxydim and salts thereof, sulcotrione, sethoxydim 
cycloxydim, tralkoxydim, and clethodim; 

U. sulfonyl urea herbicides such as chlorosulf uron, 
sulfometuron, metsulfuron and esters thereof; benzsulfuron and 
esters thereof such ^.the ester thereof methyl, DPX-M6313, 
chlorimuron and esters such as the ethyl ester thereof, piri- 
mxsulfuron and esters such as the methyl ester thereof, DPX- 
LS3 00 and pyrazosulfurcn; 

V. imidazolidinone herbicides such as imazaquin 
imazamethabenz, imazapyr and isopropylammonium salts thereof 
imazethapyr; ' 

W. arylanilide herbicides such as flamprop and 
esters thereof, benzoylprop-ethyl , dif lufenican; 

flluvf . *' anin ° acld he ^icides such as glyphosate and 
gluyfosxnate and their salts and esters, sulphosate, and 
bilanafos; 

V. organoarsenical herbicides such as MSMA; 

2. herbicidal amide derivative such as napropamide 
propyzam.de, carbetamide, tebutam, bromobutide, isoxaben 
naproanilide, diphenamid, and naptalam; 

AA. miscellaneous herbicides including ethofume- 
sate, cinmethylin, difenzoquat and salts thereof such as the 
methyl sulfate salt, clomazone, oxadiazon, bromof enoxim, 
barban, tridiphane, (i„ the ratio 3:i, f lurochloridone, guin- 
chlorac and mefanacet; 

BB. examples of useful contact herbicides include 
bipyridylium herbicides such as those in which the active 
entity is paraquat and those in which the active entity is 
diquat. * 

Although the invention has been described with 
reference to preferred embodiments and examples thereof, it is 
not intended that the present invention be limited to only 
those described embodiments. The description of the preferred 
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embodiments contained herein is intended in no way to limit 
the scope of the invention. As will be appreciated by a 
person skilled in the art, modifications and adaptations of 
the above-described invention can be made without departing 
from the spirit and scope of the invention, which is defined 
and circumscribed by the appended claims. 
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WHAT IS CLAIMED IS: 



1. A compound having the formula 




in which: 



i „ 1 hydr ° gen ' hal °9«n; C 2 -C 4 alkyl; c_-c, halo- 
alkyl; Cl -c 4 alkoxy; haloalkoxy; c.-C, alkoxyatkyl; 
nitro; cyano; thiocyano; or R^o),,- where m is o, 1 or 2 and 
R 7 is Cl -c 4 alkyl or c 2 -C 4 haloalkyl; 



* 2 and R 3 are independently hydrogen; halogen; c,-c 
alkyl; c -c, alkoxy; c^C, haloalkyl; C^ haloalkoxy; c,V 
alkoxya kyl; nitro; V CO> 2 <>- or R 8 s<0> n - whe re n is 0, 1V2 

n ; iS C 1~ C < alky1 ' C 1~ C 4 haloalkyl, n Cl -c 4 cyanoalkyl, 
Phenyl or benzyl; N^R^ where R and \^ independ 

hydrogen or C^C, alkyl; R^co- where R*° is n-C, alkyl or 
C -C 4 alkoxy, so 2 NR 12 R 13 „ her e R 12 and R 13 are "independently 

R aT; Cl " 4 : 1Xyl ^ Cl '^ hal ° al ^ i "- ^H 14 ,CCR 15 where 
R 14 and R i5 are independently hydrogen or c^-C^ alkyl; 

R 4 is hydrogen, halogen or hydroxy; 

R 5 is hydrogen, methyl or trif luoromethyl; and 

R 6 is hydrogen, halogen or hydroxy; 

wherein R< and R fi may be the same or different 

provided that R 4 and R( . are not both hydrogen; 
and agriculturally acceptable salts thereof. 

2. A compound according to Claim 1 in which R is 
other than hydrogen. 1 

3. A compound according to claim 1 in which R is 
hydroxy and R is halogen. 4 
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4. A compound according to Claim 3 in which R is 
methyl, halogen, trif luoromethyl, methoxy, trif luoromethoxy or 
nitro; and R 2 and R 3 are independently hydrogen, halogen, 
c r c 2 alk y 1 ' C i-C 2 alko *y* trifluoromethyl, trif luoromethoxy, 
nitro, R 8 s ( 0) 2 o- or R 8 S(0) n where R 8 is methyl, ethyl or 
chloromethyl and n is o, 1 or 2, c 2 -c 6 alkoxyalkyl, or 
S0 2 NR 12 R 13 ; provided that R 2 and R 3 are not both hydrogen. 

5. A compound according to claim l in which both R 
and R 6 are hydroxy. 4 

6. A compound according to claim 5 in which R, is 
methyl, halogen, trifluoromethyl, methoxy, trif luoromethoxy or 
nitro; and R 2 and R 3 are independently hydrogen, halogen, 
c 1 -c 2 alkyl, Cl -c 2 alkoxy, trifluoromethyl, trif luoromethoxy , 
nitro, R 8 S(o) 2 o- or R 8 S(0) n where R fi is methyl, ethyl or 
chloromethyl and n is 0, 1 or 2, C 2 -C g alkoxyalkyl, or 
S0 2 nr 12 r 13 ; provided that R 2 and R 3 are not both hydrogen. 

7. a compound according to Claim 1 in which R, and 
R g are both halogen. 4 

8. a compound according to Claim l in which R and 
R 3 are both chloro, R 2 and R g are both hydrogen, and R and R 
are both hydroxy. " 4 6 

9. A compound according to Claim l in which R, is 
methyl, R 2 is ethoxy, R 3 is methylsulf onyl, and R 5 is hydrogen. 

10. A compound according to Claim 9 in which R, and 
R 6 are both fluoro. 4 

11. A compound according to Claim 9 in which R and 
R 6 are both hydroxy. 4 

12. A compound according to Claim 9 in which R is 
hydroxy and R fi is fluoro. 4 
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13. A compound according to Claim l in which R is 
methyl, R 2 and R g are both hydrogen, R 3 is methylsulf onyl 1 and 
R 4 and R g are both hydroxy. 

14. A compound according to Claim l in which R is 
methyl, R 2 and R 5 are both hydrogen, R 3 is methylthio, and R 
and R fi are both hydroxy. 4 

15. A compound according to Claim l in which R is 
methyl, R 2 and R g are both hydrogen, R 3 is methylsulf inyl and 
R 4 and R g are both hydroxy. 

16. An herbicidal composition comprising: 

(a) an herbicidally effective amount of a 
compound according to Claim l and 

(b) an agriculturally acceptable diluent or 

carrier therefor. 

17. A method of controlling undesirable vegetation 
comprising applying to said vegetation or the locus thereof an 
herbicidally effective amount of a compound according to claim 

-1 • 
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